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Exhibit C 
rTy .r~rmr MACHINE 

^» CB .P^KN(T TO ffri — AMOTIONS 

tOOOHThis application is a —tion-in-pa, application of U.S. Pa^ 

No o^*«--n*-« 19, i99s,^lp^^ 

Background of the Invention 

VidA of tb " Invention 

[M021 ^e applicant is o, the design and operatic - P*—- ^ 

us eo to grind mineral samples into a flne powder. T* P»g -a 
,0 many^ertypesofmachines ^.o^cvi^-nouon^—^. 

These machines includeforexample — - — ^ « ^ 
— * and shakers and stirrers for shaking and stirring laboratory 
biological/medical products and specifications, and the like. 

[0003) The inven.cn relaKs to an electric machine operable as a motor to provide 
13 m otion suited to drive apulveri^ng mil. bnt wmch can aUematively * operated as a 

generator to provide electricity or an electrical load. 

lYj^ri ptlon »f ■■- g-lated Art 

[0004] Traditionally, the orbital or vibratory motion retire, on such machines . 
„ toanobiec.hyattacl.ngtheob^toaspHngmonn.dp.a.onn^hichis 

20 ccupledanecccnuicar.yweighudshaftdrivenbyamo.ornpr.viabearings.oan 

• u »tor A mechanical coupling such as a gear box, belt, or 
eccentric shaft driven by a motor. Amecnamc 

universal Joint is used to couple the output of the motor to the shaft. 
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[0005] However, the very motion that these machines are designed to produce also leads 

to their inevitable and frequent failure. Specifically, the required orbital or vibratory 

motion leads to fatigue failure in various components of the machines including 

. mechanical couplings, transmissions* bearings, framework and mounts. The cost of 

5 repairing such failures is very high. La addition to the cost of repairing the broken 

component(s) substantial losses can be incurred due to down time in a larger process in 

which the failed machine performs one or more steps. A further limitation of such 

machines is that they produce fixed orbits or motions with no means of dynamic control 

(i.e* no means of varying orbit path while machine is running). 

10 [0006] The present invention has evolved from the perceived need to be able to generate 
orbital or vibratory motion without the limitations and deficiencies of the above described 
prior art 

[0007] It is also well known in the art that an electric machine can operate as a motor 

when driven by electricity to provide a mechanical output such as a rotation of a shaft 

15 and, can operate as an electricity generator or electrical load when a mechanical input is 

provided such as a rotation of a shaft by crank, water wheel, or similar means. 

Summary of the Invention 

[000 8 ] According to the pres e nt inv e ntion there io provided an electric machine including: 
a magnetic fi e ld m e ans for producing - a - mngnotic field having - lincs of flux 
20 ex - t e nding in a first direction; 

a support capable of at l e a s t - two dimensional motion in a piano relative to the 

magnetic field means and provided with a minimum of two electrically conductiv e p ath s, 

each path having a segment that ext e nds through the magnetic field in a second direction 
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fflagaeti&W t )i oa u ,u, a Urn.. I f. T an t ho ^ppe^^^he^e^ 

al u.innrn f . .i H , "Jotiwt n n , m u iul ono o f <mM 

segm ^^ aH t»ei 1 ^ t Lv o tb ni il l u iu.- du u ul lln nr. t ho - n **** 
5 w h uui i lli u Jim Mm nnrt m n gni l udc of ^r t ^ ^m^m 

e ogmonts - 

s upp ort that q j i Uu uI about tho apertures .' 

t U OlOlP iLfLi ub l y, t hr ™UU^ j ' 1 11111 f nm i u f u w lK r1 hnVln S " ' 
mgHaaagn i m ^ ^ m i l m UUlU1 ' J" 1 ™"****^^ 

a ^ eeft ^> k , a wand s o t h ^u ccu l u mdacti^ p ith , shor e a commo^ eke, 
tQQWFefe¥ayyr ^^ further i nrliidwHi u l uU iu u inonns ftir m te em&*» 

20 q uou i ^ .u n- on t t n f i n* l luoiibb O n clnrrrirnll y ro u d u c ti vo p at h . 



from < 616 742 1010 > at 10/22/02 4:29:39 PWl [Eastern Daylight Time] 



^ D . I|P 616 742 1010 P. 21/80 

□CT-22-2002 16:48 McGarry Bair LLr 

Examiner: Judson Jones 

Serial No. 09/723 ,0 16 Art UnU; 2834 

Filed: November 28, 2000 

Page 4 of 29 

Exhibit C 

Mai m* J .ui l unri n rnrn nho m »bhh the prim n ry -e e* ,muU oud wh omin ^ 
u Ui Uiuufuxynr intnrl i nK w M^^^iuiu , .0 that nn 

guu^ j ,u il uf nrnrmo r rnn to to ^ u lu Aiu. c um H Hm nWtrin.lly 

5 c u udu Lli'.'L jj a lhi n hn n t th * < oix^pui i diufe ,mr nr npo rr nr ev 

[001 ipicft rnhl y, iu ail aH ornnto nmbu Jim uu l Mir inri i m J u u means i nch**** 

a uu uafbrmer h n ^ a uut formnfl into n rW dl uup u uJ pinvMnrt n 
p^di^^ , UU. ua p grti v n ^ h-* 1L , support p nr.^eh^a^ 

Wtted%5 ^ gese4 ^^ ^ co re that p lans oo t hn r»gpe*^ 

10 ^esed- pu l ^ uf W of thn rnn»-fl*H*^^ ^ nt^em^ 

mJuu i l U j o f p riimr j uu iL. u | i ry ^ * u n iJ , rt ■ ■■! 1. nit nn* n f t he 

b ia aohoo of dm ooro of o ooh window; 

^beseb , a, u * . » Hu i m ..lrrmnting r ^ L Lu uncd t n f t nu . t l u o ugh the p rimary 

^^ ^^ fl u. are orn n t e ^hc ulat o ab out th. . vl^dev^h^Mhe 

eouluiiii ng that op o ke- 

ffQ lflPlofenMy, the ^ yii ui L , uf O n ...I- tl »f y rtto' nre^y^aee4%y^g^ 
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[QOtejFreforably, the magnetic field producing mean s is a magnet provid e d with - an air 
gap through which linos of magnetic flux flow and in which the segments arc disposed. 
[0017]Prefornbly> the magnet is - shaped as a clos e d loop magn e t and the air gap is form e d 
as a closed loop* 

5 [0018]Preferably, th e magn e t may be a permanen t magnet or an electro m a gn et r 
[Q019]Fref e rabIy, the magnet is in the form of a Coclccroft ring, 
[0020}In the above, the machin e i s operated as motor to provide a mechanical output, 
namely the motion of the support. Additionally however, according to the invention, the 
machin e , having in general the s ame olemonta disclo s ed herein for the motor operation, 

10 can operate as an - electricity generator or an electrical load with the addition of a 

mechanical input coupled to the support that will impart motion to the support in a plane 
relative to the magnetic field such that an electric current will bo induced in the 
conductive paths. When operated as an - electricity generator or load the machine can bo 
further simplified because the cancellation of the thrust forces, which will provide no not 

15 movement in the - support in the motor operation , i s not on issue when the machine is 
operated as a generator. The electrical equivalent to this is a generation of two currents 
of identical wave form but 186? out of phase with e ach - other. But, unlik e t hrust - forces, 
these curr ents can bo individually tapped from a g e nerator rath e r than combin e d ? 
[0021]Thus, the present inv e ntion furthor - providos an e lectric machine including at least: 

20 a magnetic field means for producing a magnetic field having lines of flux 

ext e nding in a first direction; and 
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a support mounted for motion in at least one dim e nsion in a piano relative to the 
magnetio fiold means and provided with at least ono electrically conductive path having a 
s egment that extends through said magnetic field. 

[0022]Prcferably said support is mad e of on electrically conductive material and is 
5 provided with a plurality of apertures disposed in board of on outer peripheral edg e of 
s aidjsupport, wherein said at l e ast ono electrically conductive paths are constituted by 
portions of said support that extends abont said apertures. 

{0Q23jFrefcrably the support is in the form of a wh ee l having a central hub, spokes 
extending radially outward from said hub, and an outer rim joining said spokes, wherein 
10 each aperture is defined by a space formed b e tween adjacent spokes and sector s of the 
hub and rim betweon oach adjacent spokes and each electrically conductiv e path 
comprises a pair of adjacent spokes and the se ctors of the hub and the rim between whieh 
pair of adjacent spokes e xtend. 

[002 4 ]Freforably the machin e further include s induction moans associated with sai d 
15 electrically conductive paths wherein electric currents flowing through said electrically 
conductive paths induce the curr e nt to flow through said induction means, 
{0025]Profcrably said induction means is support e d separately from said support. 
[Q026]?r c feKibly said induction means compri ses a plurality of wound cores, each wound 
e oro having a core body mad e from a magnetically permeabl e material which inte rlin k s 
20 a djacent apertur e s and an electric coil wound about said core, e ach coil provided with a 
lead that carries on induced current generated by virtu e of current flow th r ough said 
ol o ctrically conductive path s extending about corre s ponding adjac e nt apertur e s - . - 
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^ il wound abou t ui u . uf the bi-mnhn- or l e gK*!-**^^^ 

10 ffoagpHJa nb i y th e o n ^ i m ^ i uu al m otion i n , W uu L l oc tri n nm ^ 

fa o u j uctivo paths- 

. ^gpet tmuLl u i uU .. n li in.. InnplnM j | 1 ntnry mnrtc w 

15 ja^eS^^^ moti o n tnrliic u, uu d cmk cirrn nt i*H*>H* 

M j u d u u tivc pntho. 

(U U JJl to uu ul u nn. fi fm a l i u u Uu W M l Kto ^ " "E """ mr f n f 

.. ^■uuually n n , . r l in ^d ^ fo, . » . , ^uud iu pul II * nr r»H nwHH*. 

n u n l uLai y plana r mn t io r*- 

20 wma*** ** * fi mhnr rr0 ¥ia ^ 1X1 1 olcotric ^ -a**"* 4 *^^ 

^^agas^ ld um u f o r prnrtnrinc h ^ linC !J ° f fllT T 

e xt e nding in a f u st direction ;' 
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a K uppu il c apable: n f nt I n a&t two dimoniu c mal motion iu u plane relative t o t h e 
umyi u ic field monnfi and provided with a minimum of two electrical co nductive paths, 
en d i p at h having a oogmant that extends, t hro ugh the m a gn e tic fiold in a second direction 
tot has n direction component ext e nding at righ t - uioj u, t o die first rlirnrtion 
5 ft - first one of said .iegmcnta disp o sed at a non diametrically opposed location on 

the support relative to a second ono of oaid segm e nts. 

[Q031]rroferably each conductive path ia provid e d »iUi a lead that cari e s current 
gonoratod from the couduotivo path. 

[0035]PrcfDrably cn?h Un * ir ™nnnntnri to a common junction; 
10 [Q02 6] r rcf o i ably th e co m mo n jtinrti"P ™ntw.tnrt to a cable. 

[0037]Preferably th n support ic rigidly attache di^tEM t o a mechani cal input that moves 
the support in an at loaot two dim e noional motion. 

[OOO C ]Pr c f cni blj nt rii m^oinml m u tton mduoo o mi u l ixU io enm - n t in t h e 

conductive paths. 

15 mnOSI According to the present i nvention there is provided an electric machine having a 
m Bf nrt producing Hn ftS of magnet ^ fh» extending through an air gap in a first direction, 
an * a .np pnrt canabl* of «t. least two- d imensional motion in a single plane relative to the 
mnvn* The support is nrovided wit h * l^st two electrically conductive paths, eaqfa 
wi^ „ rnrrent carryin g *«*™nt. and the segments are di s posed in and extend across 

20 th. lines of magn e t flnx in a second direction substantially perpendicular to the first 

^nn. and extend wi* ■ fc™nti«1 "« T>"* to a plane containing the support, 

Thm interaction of an electric curr ent flowing through a particular segment and the 
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magnetic flux produces a thrust force to cause motion of the support relative to the 
magnet. 

F00091 Preferably, the support is made of an electrically conductive material and is 
provided with a plurality of apertures disposed inboard of an outer peripheral edge of the 
5 support wherein at least one of the electrically conductive paths is constituted by the 

portions of the support that extend about the apertures. Also, preferably, the support is in 
the form of a wheel having a central portion hub with spokes extending radially 
outwardly from the central portion hub and an outer rim joining the spokes, respectively. 
Each aperture is thus defined in the wheel bv the space formed between adjacent spokes 
10 and sectors of the central portion of the hub and rim. Each conductive path comprises 
two pairs of adjacent spokes and respective sectors of the central portion of the hub and 
rim extending between the two spokes. 

fOOlOl In another aspect the electric machine further includes an induction device for 
inducing an electric current to flow through the electrically conductive paths. Preferably, 

15 the induction device is supported separately from the support. Also, preferably, the 

induction device comprises a plurality of transformers, each having a primary coil and a 
core about which the primary coil winds. The core of each transformer interlinks with 
adjacent apertures so that an electric current flow in the primary coil of a transformer can 
induce an electric current to flow through the electrically conductive paths about the 

20 corresponding adjacent apertures. 

fOOin In one embodiment, the induction device includes a transformer having a core 
formed into a closed loop and provided with a plurality of windows through which 
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^., tiv , snokes of th - "TT I™ ^ h windoW bY nPP °^ *"""*'» ° f ^ 

„ «... ^ h, the same r W- " * e *"™ orr ™ d "I*™" 1 ^ S ° f ° f 
^ in , m a ne neroendicular.L o the support. Also, with a plurality , of primary coils, 

. r n^ g rv ™i1 »o H ,w * least o ne of the branc hes of th* com of each window. 
5 when an a tamtinr curr ent is caused to flow rhrnnph the primary coils, 

we „f ^ a ane.tic fi™ ,r, seated th at circulate ab out the windows in the core, the 
mlf nrity ^ ^ hrfn p .bared in Icp- of th . co re between ad jacent windows so that the 
tm. pnetic fl ™ «*™i.Hn« about a particular window induce a current to flow 
th. snoke ,r-™r *w, T h that window find the conductive paths containing that 

10 spoke, 

rnn,^ ^ n 1im h.r of — ^- *" the number of electri c phases supplie d*) 

^ c , Tr ^ Also, nrefera^ y th. mmm* is sh.ned as a closed loop magnet and provides 
g ^ nolarit y in the air srar. , The d evice can include a coupling ^ 
m ^h^ a Hv mnpH T th " *"™" rt to 3 tn^hanical input thftt moves the support two- 
15 .W..1H, « th. si^le pl ane to induce an electric current to flow in th ecpndjjcjiye 

p,rhs. Thus, th^ machine can operate as an electric generator. 

Brief Description of the Drawings 
fft03^rn0131 I n the drawings: 

fflfl4WrO0141 F igure 1 A is a schematic representation of the first embodiment of the 

20 electric machine; 

fflQ*»rO0l51 F igure IB is an enlarged view of section A-A of Figure iAIA; 



Received from < 616 742 1010 > at 10/22/02 4:29:39 PM [Eastern Daylight Time] 




OCT-22-2802 16=51 McGarry Bair LLP 616 742 1810 P. 28/80 

Serial No. 09/723,016 Examiner: Judson Jones 

Filed: November 28, 2000 Group Art Unit: 2834 

Page 11 of 29 

Exhibit C 

{QQ42¥00161 F igure IC is a graphical representation of a three-phase AC voltage/current 
supply; 

fQQ43ir00171 F igure 2 is a partial cut away perspective view of a second embodiment of 
the electric machine; 

5 fQQ44¥00181 F igure 3 is a partial cut away perspective view of a third embodiment of 
the electric machine; 

fPQ4Sy00191 F igure 4 is a partial cut away perspective view of a fourth embodiment of 
the electric machine; 

ffl04641 00201 F igure 5 is a partial cut away perspective view of a fifth embodiment of 
10 the electric machine; 

fQQ47W00211 F igure 6 is a partial cut away perspective view of a sixth embodiment of 
the electric machine; 

fpft48ir00221 F igure 7 is a partial cut away perspective view of a seventh embodiment 
of the electric machine; 
15 ffl&WT 00231 F igure 8 A is a partial cut away perspective view of a-aneighth 
embodiment of the electric machine; 

{Q0S0tr00241 F igure 8B is a perspective view of a support incorporated in the 
embodiment shown in Figure 8A; 

fOO§j4f00251 F igure 9 is a schematic representation of the machine depicted in Figure 
20 1 A showing the invention as an electricity generator; 

f0052ffl)0261 F igure 10 is ^schematic representation of a further simplified version of 
the machine depicted in figure 9; and 
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fftft^r00271 F igure 1 1 is a ^l i u mu t k r ppmnpntntioripmrwrtivp view of a portion of the 
machine depicted in figure 5 showing the invention as an electricity generator. 

Description of the Preferred Embodiment 
tQQS4¥00281 R eferring to Figures 1A and IB, a first embodiment of the machine 
5 operates as an electric motor 10; includes magnetic field means in the form of three 
separate magnets 12A - 12C (referred to in general as "magnets 12") each producing a 
magnetic field having lines of flux B extending in the first direction perpendicularly into 
tiie-thepage. A support in the form of disc 14 is provided that is capable of two- 
dimensional motion relative to the magnets 12 in the plane or the page. The disc 14 is 
10 provided with a minimum of two, and in this particular case three, electrically conductive 
paths in the form of conductor coils C A , C B and C c (referred to in general as "conductive 
paths"; "coils"; or "paths" C). 

fQtt5gir00291 T hroughout this specification and claims the expression "the disc (or 

support) is provided with ..... electrically conductive paths" is to be construed as 

15 meaning that either the disc (support) has attached, fixed or otherwise coupled to it 

electrical conductors forming the paths, as shown for example in Figures 1-4; or, that the 
disc (support) is made of an electrically conductive material and does by itself provide of 
^constitute the electrically conductive paths as shown for example in Figures 5-8B. 
HM56¥00301 C onsider for the moment the conductor path or coil C A and its 
20 corresponding magnet 12A. The path C A as a segment 16A that extends through the 
magnetic field B produced by the magnet 12A in a second direction preferably, but not 
essentially, perpendicular to the first direction, i.e. perpendicular to the lines of flux 
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produced by themagnet 12Ama^conddif^^ 

^^nUr to the first di ct ion i <, perpendicul ^^e lines of flux produ ^dby. 
^^nZA. If a current ^AmM^S^ij^ caused to flow in coil C A say in the 
clockwise direction then the interaction of that current and magnetic field will produce a 
5 transverse thrust force TA-T^that acts on the disc 14 via the segment 16A. 3%Hnthi, 
i^cejh^recise direction of the thrust force SAT* is provided by the right hand rule, 
^^^^ and thus, in this scenario will be 

directed in the upward direction in the plane of the page. ThgJirecticiLpfJhr^ 
tn» H^ined with this rirht hand rule if t he mrrent is flowin g colter clockwise in the 
,0 .nil ..Mrthrfln— r^r- T^^othenlwo fthepn^ T finafurther 

^ the, dire^ r thn, s t forces. The remaining coils or paths C B and Cc 

likewise have corresponding segments 16B H*^nd_16C that extend in a direction 
perpendicular to the lines of magnetic flux of corresponding magnets 12B and 12C. 
15 Therefore, if electric currents are caused to flow in paths C B and Cc. say in the clockwise 
direction, then similarly thrust forces ^ and W3* will be produced that act on the 
disc 14 via the respective segments 16B and 16C and in directions as dictated by the right 
hand rule. The segments 16A and 16B (and indeed in this instance also segment 16C) are 
located relative to each other so that their respective thrust forces T^and ^Ta do not 
20 lie on the same axis or line. By having two thrust forces directed along different axes or 
lines, two-dimensional motions of the disc 14 can be achieved. Moreover, the path of 
motion of the disc 14 can be controlled by varying the magnitude and/or phase 
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relationship of the electric currents flowing through the segments 16A - 16C (referred to 
in general as "segments 16"). 

fOO5?4r00311 In its simplest form, consider the situation where electric current is 
supplied to coil C A only in the clockwise direction. Thrust force TA-T^is produced 
5 which causes &le~the disc 14 to move in the direction of the thrust force. If coil Ca is 
now de-energized and coil Cbt energized the disc 14 will move in a direction parallel to 
thrust force TB which is angularly offset by 120° from the direction of thrust force TAJ^. 
If coil Sa-CbJs de-energized and coil Cc energized the disc 14 will move in the direction 
of corresponding thrust force 3^Iewhich is angularly offset by a further 120° from 

10 thrust force ^T^. By repeating this switching process, it can be seen that the disc 14 
can be caused to move in a triangular path in a plane, i.e. it can move with two- 
dimensional motion in a plane. A digital controller (not shown) can be used to 
sequentially provide DC currents to coils C A - C c at various switching rates and various 
amplitudes for control of the motion of the disc4A7rl4 1 Also, the path or motion can be 

15 modified by causing an overlap in currents supplied to the segments. For example, 

current can be caused to flow in both coils Ca and Cb simultaneously, perhaps also with 
modulated amplitudes. 

fQQ58WG03Z] I n this embodiment, three separate coils C A , C B > and Cc are shown. 
However, as is clearly apparent to produce two-dimensional motion in a plane a 
20 minimum of two coils, for example C A and Cb, only is sufficient, provided the respective 
thrust forces ?V i t-T A and do not act along the same axis or line. Stated another way, 
what is required for a two-dimensional motion is that there is a minimum of two coils 
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relatively disposed so that when their thrust forces are acting on the disc 14 they cannot 
produce a zero resultant thrust force on the disc (except when both the thrust forces 
themselves are zero). 

MQgttr00331 R ather than the triangular motion described above, the disc 14 can be 
5 caused to move with a circular orbital motion by energizing the coils Ca. C B and Cc with 
AC sinusoidal currents that are 120° (electrical) out of phase with each other. 
g06eiW34L.lt is to be appreciated that the circular orbital motion is not a rotary motion 
about an axis perpendicular to the disc 14, i.e. the disc 14 does not act as a rotor in the 
conventional sense of the word. In the present embodiment, if each of the coils C A , C B , 
10 and Cc were connected to different phases in the three phase sinusoidal AC current 

supply, of the type represented by Figure 1C. the disc 14 would move in a circular orbital 
motion. This arises because the total resultant force, i.e. the combination of TAT*, ^Tb 
andTGT^isofconstantmagnitudeatalltimes. The difference in phase between the 
coils Ca, C B and C c leads to the direction of the resultant force simply rotating about the 
15 center of Wiethe disc 14. This is an angular linear force, not a torque. The frequency of 
the motion of disc 14 is synchronous with the frequency of the AC current to the coils 
Ca , Cb and Cc Thus, the motion frequency of disc 14 can be varied by varying the 
frequency of the supply voltage/current A non-circular orbit can be produced by 
providing coils C A , Cb. -d Cc with currents that are other than 120° out of phase and/or 

20 of different amplitude. 

ffig ^ [ 00351_In the embodiment shown in Figures 1 A and IB, the disc 14 is made of a 
material that is an electrical insulator and the coils C A , C B and C c are wire coils that are 
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fixed for example by glue or epoxy to the disc 14. The coils Ca, Cb and Cc have separate 
leads (not shown) that are coupled to a voltage supply (not shown). The magnets 12 have 
a C-shaped section as shown in Figure IB providing an air gap 18 through which lines of 
flux B extend. The segments 16 of each of the coils C are located itf-inthe air gaps 18 of 
5 their corresponding magnets 12. 

fOQ62ir00361 F igure 2 illustrates an alternate form of the motor 10a which differs from 
the embodiment shown in Figure 1 by replacing the separate magnets 12A, 12B and 12C 
with a single magnet 12 in the form of a Cockcroft ring and in which the disc 14 is 
provided with six conductive paths or coils CA CF C a-Gf . In order to reduce weight, 

10 the disc 14 is provided with six apertures or cut-outs 20 about which respective ones of 
conductive paths C extend. A multi-conductor cable 22 extends from a six phase power 
supply (not shown) to a central point 24 on the disc 14 where respective conductor pairs 
fan out to the coils C. The six phases-is required for the coils Ca~Cf€A — QP can be 
obtained from a conventional star or delta three phase power supply by tapping off the 

1 5 reverse polarities of each phase. 

fQQ634fO0371 I n the motor 10u shown in Figure 2, each conductive path or coil C has a 
segment 16 that is disposed in the air gap 18 of the magnet 12. As with the previous 
embodiment, when current is caused to flow through the segments 16, tbe-atransverse 
force is created due to the interaction between the current and the magnetic flux B, the 

20 transverse force is acting on the disc 14 via the respective segments 16. It will be 

recognized that many diff e rent pair s of s egments , (e.g, 16A, 16F;16A, 16C; 16B, 16D 
eter) are relatively located to each other so that their respective thrust forces are not 
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parallel iH rto each other in t he plane of motion of the disc 1 4, i.e. their respective thrust 
forces do not lie along the same axis or line. For example the thrust force arising from 
current flowing through segment 16 A lies on a different line to the thrust force arising 
from current flowing through segment 16F. The same holds for sav segments 16A and 
5 16C: and 16B and 16D . Consequently, the disc 14 is again able to move in a two- 
dimensional planar motion* The fact that thrust forces produced on diametrically- 
opposed segments are parallel does not negate the existence of other thrust forces that do 
not act along the same axis or line to enable the generation of the two-dimensional planar 
motion. 

10 [00641100381 I n order to avoid rubbing of components and reduce friction, the disc 14 
may be supported on one or more resilient mounts, e.g. rubber mounts or springs so that 
iLis not in physical contact with the magnet 12. 

fQQ6g¥00391 I t would be understood that if the elect ri c machin e 10a in Figure 2 is 
completely turned over, a conventional grinding head can be attached to the disc 14 of the 

15 machine 10^ in Figure 2 f or grinding a mineral sample. The orbital motion of the disc 14 
would produce the required forces to cause a puck or grinding rings within the grinding 
head to grind a mineral sample. However, unlike conventional pulverizing mills, the 
frequency of the orbital motion can be changed at will by varying the frequency of the 
AC supply to the coils C Further, the actual path and/or diameter of motion can be 

20 varied from a circular orbit to any desired shape by varying the phase and/or magnitude 
relationship between the currents in the coils C while the machine is in motion. 
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fQQ66}r00401 A further embodiment of the electric motor 10m is shown in Figure 3. In 
the electric motor 10m instead of each coil C being physically connected by a conductor 
to a current supply through multi-connector cable 22, current for each coil C is produced 
by electromagnetic induction using transformers 26A-26E (referred to in general as 
5 "transformers 26"). Further, the conductive paths (i.e. coils C) are now multi-turn closed 
loops. The disc 14 includes in addition to the apertures 20, a plurality of secondary 
apertures 28A - 28F (hereinafter referred as "secondary apertures 28"), one secondary 
aperture 28 being located adjacent a corresponding primary aperture 20 with the apertures 
20 and 28 being separated by a portion of the coils C extending about the particular 

10 primary aperture 20, Each transformer 26 has a core 30 and a primary winding 32. The 
primary winding 32 may be in the form of two physically separated though electrically 
connected coils located one above and one below the plane of the disc 14. The core 30 of 
each transformer links with one of the coils C so that coil C acts as secondary windings. 
This interlinking is achieved by virtue of the core 30 looping through adjacent pairs of 

15 apertures 20 and 28. It will be appreciated that a current flowing through the primary 
winding 32 of a transformer 26 will induce the current to flow about the linked coil C. 
The apertures 20 and 28, and core 30 are relatively dimensioned to ensure that the disc 14 
does not impact or contact the core 30 as it moves in its two-dimensional planar motion. 
The transformers 26 are supported separately from the disc 14 and thus do not add any 

20 inertial effects to the motion of the disc 14. By using induction to cause currents to flow 
through the coils C the need to have a physical cable or connection as exemplified by 
multiconductor cable 22 in the motor I0j, is eliminated. This is seen as being particularly 
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advantageous as cables or other connectors may break due to fatigue caused by motion of 
the disc 14 and also add weight and thus inertia to the disc 14. 

fQ66?¥004n F igure 4 illustrates a further embodiment of the electric motor 10j V . This 
motor differs from motor 10^ by forming the respective conductive paths C with a single 
5 turn closed loop conductor rather than having multitum coils as previously illustrated. 
Replacing a multi-turn wire coil with a single solid loop has no adverse effects. The 
single solid loop behaves the same as the multi-turn coil with the same total cross- 
sectional area, where the current in the single loop equals the current in each turn of the 
coil multiplied by the number of turns, thereby giving the same resultant thrust force. 
10 Again, as with the previous embodiments, the motion of the disc- 14 can be controlled by 
the phase and/or magnitude relationship of electric currents flowing through the segments 
1 6 of each conductive path, i.e. conductive loop C, 

fOQ6»lf 00421 Figure 5 illustrates yet a further embodiment of the electric motor 10 v . 
This is a most remarkable embodiment as the conductive paths C are electrically 

15 connected together. In the motor 10 v , the disc 14 is now in the form of a wheel having a 
central portion in the form of a hub 34, a plurality of spokes 36 extending radially 
outwardly from the hub 34 and an outer peripheral rim 38 joining the spokes 36. 
Apertures 20 similar to those of the previous embodiments are now formed between 
adjacent spokes 36 and the sectors of the hub 34 and rim 3-38 between the adjacent 

20 spokes 36. The disc 14 is made of an electrically conductive and most preferably non- 
magnetic material such as aluminum. The current paths are constituted by the parts of the 
disc 14 surrounding or bounding an aperture 20. For example, conductive paths QA-C& 
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(shown in phantom) comprises the spokes 36A and 36B and the sectors of the hub 34 and 
38 between those two spokes. Conductive path Cb is constituted by spokes 36B and 36C 
and the sectors of the hub 34 and 38 between those two spokes. The sector of the rim 38 
between adjacent spokes form the segment 16 for the conductive path containing those 
5 spokes. It is apparent that adjacent conductive paths C share a common spoke, (Le, have 
a common run or log). Each transformer 26 Jinks with adjacent apertures 20 and has, 
passing through its core 30 one of the spokes 36. Consider for the moment transformer 
26B. The core of this transformer passes through adjacent apertures 20A and 20B with 
the spoke 36B extending transversely through the core 30 of transformer 26B- The 

10 current induced into spoke 36B by the transformer 26B is divided between current paths 
€B-Cr and-GA C a . Thus the transformer 26B, when energized, induces a current to flow 
through both paths €A-Ca and-€B Cb. In like fashion, each of the transformers 26 can 
induce the current to flow in respective adjacent conductive paths C. The state of the 
transformers will determine the current division between adjacent conductive paths C, 

15 Hence, the sectors of the rim 38 between adjacent spokes 36 and the currents flowing 
through them act in substance the same as the segments 16 in the motors 10} - 10i V . 
HMteWf 0043] F igure 6 illustrates a further embodiment of the electric motor 10 V i. This 
motor differs from electric motor 10 v by replacing the separate transformers 26 with a 
multi-phase toroid shaped transformer dubbed a "transoid" 40. The transoid 40 can be 
20 viewed as a ring of magnetically permeable material formed with a number of windows 
42 and arranged so that separate conductive spokes 36 pass through individual different 
windows 42, Each window 42 is bound by opposed branches 44 and 46 that extend in the 
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plane of the disc 14 and opposed legs 48 and 50 that extend perpendicularly to and join 
the opposed branches 44 and 46. Primary windings 32 are placed on each of the opposed 
branches 44 and 46 for every window 42. (Although it should be understood that primary 
winding can be placed anywhere within the window i.e., 44, 46, 48, 50 with one or more 
5 primary windings being utilized in various embodiments). Primary windings 32 are 
coupled to a six phase current supply in a manner so that the windings 32 for each 
window 42 are coupled to a different phase. Current flowing through the primary 
windings 32 sets up lines of magnetic flux circulating about the Windows - windows 42. 
This flux in turn induces the current to flow in the spoke 36 passing through that window 
10 42 and the conductive path C to which that spoke 36 relates. It will be recognized that 
the majority of the flux generated about adjacent windows 42 will circulate through the 
common adjacent leg 48. 

ffltfflMf00441 I n comparison with the electric motor 10 v shown in Figure 5, the use of 
the transoid 40 makes more efficient use of its core because flux is shared from one or 
15 more primary coils. That is, magnetic flux induced by currents in primary coils about 
adjacent windows 42 can be shared through the common leg 48, Indeed even-more 
distant primary coils can contribute to the flux in that leg. 

fQQ734r0045] A further embodiment of electric motor 10 v u is shown in Figure 7. This 
embodiment differs from the motor 10 v shown in Figure 5 in the configuration efi-of the 
20 Cockcroft ring 12. In this embodiment, the air gap 18 of the Cockcroft ring is on the 
outer circumferential surface of the Cockcroft ring rather than on the inside surface as 
shown in Figure 5. Additionally, a plurality of radially extending slots 52 are formed in 
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the Cockcroft ring 12 through which the spokes 36 can pass. The slots 52 must be 
sufficiently wide to not inhibit the motion of the disc 14. 

IOQ72H0046I I n the embodiments of the electric motor 10a - 10 vii there are six segments 
16 through which current flows to produce respective transverse forces that act on the 

5 disc 14. However, this can be increased to any number. Conveniently however the 

number of segments 1 6 will be related to the number of different phases available from a 
power supply used for driving the motor 10. For example, the motor 10 can be provided 
with 42 -twelve segments 16 through which current can flow by use of a 43 -twelve-p hase 
supply. In this instance, therefore, transformers are used to induce currents to flow in 

10 each segments, there will be required either 4S -twelve s eparate transformers 26 as shown 
in Figures 4, 5, and 7 or alternately a twelve window transoid 40. 

KH¥734r00471 I n the afore-described embodiments, the motion of the support 14 is a two- 
dimensional motion in one plane. However, motion in a second plane o r more 
nonparallel planes can also be easily achieved by the addition and/or location of further 

1 5 segments 1 6 in the second or additional planes and, further means for producing magnetic 
fields perpendicular to the currents flowing through those additional segments. An 
example of this is shown in the motor 10 viii in Figures 8A and 8B in which the support 14 
has one set of segments I6j and a first plane (coincident with the plane of the support 14) 
and a second set of segments 16u that extend in a plane perpendicular to the plane of the 

20 support 14. The motor 10™ has first Cockcroft 12 a -ma^neLi2 l .having an air gap 

in which the segments 16j reside, and a second Cockcroft ring 12»mag:net 12n having an 
air gap 18 u in which the second set of segments 16 H reside. Thus, in this embodiment, the 
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support 14 can move with a combined two-dimensional motion in the plane of the 
support 14 and an up and down motion in a second plane perpendicular to the plane of 
the support 14. Thus, in effect, in this embodiment, the support 14 can float in space by 
action of the thrust forces generated by the interaction of the current flowing through 
5 segments 16u and the magnetic field in the Cockcroft ring 12 u air gap of the magnet 12^. 
It is also apparent from the previous motor embodiments lft-10v» that the segments 16j 
and }6u of the motor lCU ; can be individually supplied with electrical currents. In such 
instances the motion of the support 14 in the second plane is not just limited to a 
perpendicular up and d own movement but can include motion with two degrees of 

10 freedom . As is apparent from Figure 8B the support 14 need not be circular in shape but 
can be square (as in Figure 8B) or any other required/desired shape. For the sake of 
clarity the means for supplying current 4rOto the segments 16 U 16jj have not been shown* 
The currents may be provided by direct electrical connection to a current source as in the 
embodiments 10\ and 10 ti or via induction as in embodiments 10iu to lOvii. 

15 tQQ?4¥00481 F rom the above description it will be apparent that embodiments of the 
present invention have numerous benefits over traditional machines used for generating 
vibratory or orbital motion. Clearly, as the motion of the disc 14 is non-rotational, there 
is no need for bearings, lip seals, gear boxes, eccentric weights or cranks. In addition, the 
inertial aspects of rotation, such as a time to accelerate to speed and gyroscopic effects 

20 are irrelevant. In the embodiments of the machine 10 iS - 10 V ii induction is used to cause 
current to flow in the segments 16 and thus commutators, brushes, and flexible electric 
cables arc not required. It will also be apparent that the only moving part of the machine 
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10 is either the support 14 or the magnetic field means 12. When it is the support 14 
itself that carries the electric current as shown in embodiments 10 v - 10 v h this support 14 
eaft -mav b e made from one piece only say by punching or by casting. In these 
embodiments the disc 14 must be made from an electrically conductive material and most 
5 preferably a non-magnetic material such as aluminum copper or stainless steel. When the 
machine 10 is used to generate an orbital motion from imparting to another object (for 
example a grinding head) there can be a direct mechanical coupling by use of bolts or 
screws. 

f#0?5 : tr00491 T he motor 10 is a force driven machine and the force it delivers is 
10 essentially unaltered by its movement There is a small degree of back EMF evident, 
however the tests indicate that this is almost negligible, especially when compared with 
conventional rotating motors. As such, the motor 10 is able to deliver full force 
regardless of whether the disc 14 is moving or not. For this reason, current drawn by the 
motor 10 is relatively unaffected by the motion of the disc 14, This enables the motion of 
15 the disc 14 to be resisted or even stalled with negligible increase in current draw and 
therefore negligible increase in heat buiJd-up. 

tfO?frir00507 In the conventional mechanical orbital or vibratory machines, the orbital 
or vibratory motion is usually fixed with no variation possible without stopping the 
machine to make suitable adjustments. With the motor 10, the orbit diameter is 
20 proportional to the force applied, which in turn is proportional to the currents supplied. 
Therefore the orbit diameter can be controlled by varying the supply voltage that 
regulates the current in the segment 16. This results in a linear control with instant 
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frequency is synchronous with .he fluency of .he supply voltage, so .ha. orbi. 
frequency can be varied by varying the supp,y frequency. The motor 10 also allows one 
.o avoid „ndesirab,e harmonic, A common problem with conventional ouu^b^ 
5 .rWesys.emsis.ha.asUremo.orbuildsupspeedi.canpass.hronghfrec.nencybands 

coinciding wi.h ,he ac.ua. harmonic fluencies of various a..ached mechanisms ,ha. can 
then ,ead .o uncoupled resonance ,ha. can *»r«^U» ™«- or 
pans .hereof. The disc 14 however is able to s.ar. « any desired frequency and does no, 
„eed,o ra mp^ H P.fro„. Z ero S peed.oare q niredspeed. » .his way any undesired 

frequency wi,h a zero voUage ,and hence zero orbi. diame.cr, and men .he voltage supply 
can be increased until the desired orbit diameter is reached. 

rj^HKlUf no control over .he orbi. diameter or frequency is required, me motor 10 
can be conneced s^aigh. .0 a mains supply so *a, the frequency will be fixed .o .he 

„ mains frequency. Nevertheless, full control is no, difficult or costly .o achieve. Existmg 
m „,or confers which utihze relatively simple electronics with low computing 
requirements can be adapted ,o suit the motor .0. Because voltage supphes can be 
controlled elecu.nic.ly,, he mo te r 10 can be computer driven. This enab.es preset 
software ^rogrammsiMd for safety features to be bui.t into the supply controller 

20 allowingi.sopera.on.bereprogrammedatanytime. The addition of feedback sensors 
can ailow various automatic features such as co.lision protean. When the disc .4 „ 
mounted on rubber supports, it can be eonsidered as a spring-mass system. As such, .. 
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will have a harmonic or resonance frequency at which very little energy is required to 
maintain orbital motion at that frequency. If the machine 10 is only required to run at one 
frequency, the stiffness of the rubber supports can be chosen such that resonance 
coincides with this frequency to reduce the power losses and hence improve the machines 
5 efficiency. 

fOQ7S¥00521 While the description of the preferred embodiments mainly describes the 
disc 14 as moving in an orbit, depending on the capabilities of the controller for the 
supply, i.e. the ability to vary phase relationships and amplitudes of the supply current, 
the disc 14 can produce any shaped motion within the boundaries of its maximum orbit 
10 diameter. 

f00^1f00531 E mbodiments of the motor 10 can be used in many different applications 
such as pulverizing mills as previously described, cone crushers, sieve shakers, vibrating 
screens, vibratory feeders, stirrers and mixers, orbital sanders, orbital cutting heads. 
polishers and specific tools requiring a non-rotational motion, blood product agitators for 

15 blood storage systems, motion and stirring device for cell culture fermentors and 
bioreactors. tactile devices and motion alarms for personal pagers and mobile 
communication devices, planetary drive system for digital media storage systems or read 
heads for digital media system, friction welders for plastic components, dynamic 
vibration input device for testing components and structures, dynamic vibratory material 

20 feeder for hoppers and chutes, vibration device for seismic surveying, vibration 

cancellation platform for sensit ive e quipment and vibration cancellation device included 
for pipe-work attached to pumps, orbital / planetary motion device for acoustic speakers . 



Received from < 616 742 1010 > at 10/22702 4: 2&:3S PM [Eastern Daylight Time} 



□CT-22-2002 16= 53 McGarry Bair LLP 616 742 1010 P. 44/80 

Serial No. 09/723,016 Examiner: Judson Jones 

Filed: November 28, 2000 Group Art Unit: 2834 

Page 27 of 29 

Exhibit C 

f0080tr00541 F urther in the described embodiments the motion of the support/disc 14 
relative to the magnetic field means 12 is achieved by having the support/disc 14 
movable and the magnetic field means 12 fixed. However this can be reversed so that the 
support/disc 14 is fixed or stationary and the magnetic field means 12 moves. This may 
5 be particularly useful when it is required to impart and maintain, for example a vibratory 
motion to a large inertial mass. Also, it is preferred that the segments 16 extend through 
the magnetic field B at right angles to maximize the resultant thrust force. Clearly 
embodiments of the invention can be constructed where the segments 16 are not at right 
angles, though th e y i n ust it is preferable to have some component of their direction at 
10 right angles to the field B to produce a thrust force. 

fQQjmrOQSSI R eferring now to Figure 9, the invention can also operate as an electricity 
generator 100. In Figure 9, the mechanical input is represented schematically by the 
vector 102. 

fOQ83¥00567 The mechanical input 102 is attached to the disc 14 through a conventional 
1 5 connection. The input 102 and the disc 14 are connected such that the movement of the 
disc 14 is coextensive with the plane of the disc 14 + The mechanical input 102 is 
provided by a conventional apparatus capable of producing a two-dimensional motion, 
such as a triangular or circular orbital motion. Electrical leads 104A-104C connect the 
coils Ca-Cc to a junction 106, to which is connected a multi conductor cable 108. The 
20 movement of the input 102 will create a corresponding movement of the disc 14. 

Movement of the disc 14 within the flux B of the magnets 12A-12C w ill induce a current 
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in the coils Ca-Cc which will be carried through the leads I04A-104C Junction 106, and 
cable 108. 

fQQ&3¥00571 A more basic version of the machine IQOi -lOOi i s depicted in figure 10, 
The machine 400HJ2&differs from the machine 100 of Figure 9 by the provision of a 
5 single electrical path only constituted by coil Ca. It would be appreciated that the 
motion provided by input 102 causing movement of the disc 14 in a plane would also 
lead to the induction of a current in the coil C A which is carried through lead 104A, 
junction 106, and cable 108. 

£00841100581 In a further variation of the embodiment shown in figure 10 a second 
10 electrically conductive path or coil can be provided on disc 14 diametrically opposed to 
coil Ca- All other parameters being equal, the currents induced in coils C A and the 
diametrically opposed coil would have the same wave form but be out of phase by 180° 
with each. If such currents were added they will produce a nil result. However, the 
currents from the coils can be tapped individually. This is in contrast to the situation 
15 where the machine having diametrically opposed coils is operated as a motor in which 
case the thrust forces rising from currents flowing through the coils would be 
diametrically opposed and, if of the same magnitude, would result in no motion, and if 
not of same amplitude, would cause a reciprocating motion rather than a orbital motion as 
ordinarily required for a pulverizing mill. 
20 {QQ8g¥00591 F igure 1 1 illustrates how the machine ±OQiil00a of figures 5 and 6 can be 
operated as a generator by coupling of the disc 44il4i_ to a mechanical crank 1 10. The 
disc 44i-14i differs marginally from the disc 14 depicted in figures 5 and 6 by forming the 
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hub support as a solid web 1 12 to provide for coupling of the crank 1 10. The crank 1 10 
is attached to a central axis 1 14 of the disc 44*14} which is offset by distance D by a crank 
arm 116 from a drive axis 1 18. The crank 1 10 is rigidly attached to the disc 44*14! so 
that the application of torque about the axis 1 18 causes an orbital motion in a plane of the 
5 support-44il4i. 

fQ086tf00601 A s with the machine depicted in figures 5 and 6 individual wound cores or 
the "transoid" {depicted in figure 6) can be associated with the disc 44*1 4j to effectively 
tap off currents induced in the separate paths Ca-C f constituted by the support44*14i. 
fQQ8?*r00611 T he machine when configured as a generator illustrated in figures 9- 11 

10 can be mechanically directly coupled to the motor form of the machine depicted in 
figures 1 -8 by a mechanical linkage between the respective discs 14. Indeed such 
coupling has been made in order to allow measurement of the efficiency of the motor by 
comparing electrical power, output and output current/voltage waveform in the generator 
with the electrical input to the motor. 

15 fOQS8¥00621 W hile the invention has been specifically described in connection with 
certain specific embodiments thereof, it is to be understood that this is by way of 
illustration and not of limitation, and the scope of the appended claims should be 
construed as broadly as the prior art will permit. 
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